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Abstract 
Ion beam irradiation was performed on Co/CoO films deposited on Si (111) substrates by magnetron sputtering. Ion-beam-
induced dewetting was observed. Dewetting is due to larger surface free energy of Co compared to CoO. Magnetic studies 
performed by SQUID and PPMS, showed exchange bias at the Co/CoO interface which forms a FM/AFM system. 
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1. Introduction 
Ion beam irradiation is an effective means of studying the morphological changes occurring in thin films. Surface 
energy changes as well as displacement of atoms due to localized heating can bring about interesting phenomena 
which can lead to possible patterning and device fabrication in the future. Film thickness and temperature affect the 
Co nanoparticles size and uniformity formed by dewetting. Co films have been found to undergo dewetting on 
annealing. Higher is temperature higher is the uniformity of the dewetted surface. It has been reported that a phase 
transition from mixed hcp and fcc to twinned fcc crystals with weak magnetic anisotropy occurs by dewetting. These 
Magnetic metal nanoparticle arrays are used in magnetic recording and carbon or semiconductor nanotubes. Other 
means of obtaining patterned nanoparticle arrays is by lithography, spin-coating, droplet drying, dip-coating or 
Langmuir–Blodgett methods. These are given in details by Lian et al. (2006) and Oh et al. (2009). 
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2. Experiment 
Co/CoO thin films were deposited by magnetron sputtering. Thickness of each film was 25 nm. The films were 
then irradiated with Si and Ar ions at different fluences and energies. Scanning electron microscopy (SEM) and 
magnetic force microscopy (MFM) measurements were performed to study the changes in morphology and 
magnetic structure that occurred with the irradiation while SQUID and PPMS measurements were performed to 
study temperature and magnetic field dependence of dc magnetization.  
.
3. Results and discussions 
      Due to Si ion irradiation at 50 keV on the Co/CoO sample, the phenomenon of ion-beam-induced dewetting 
occurred.  Due to larger surface free energy of Co compared to CoO, globule-like structures, as shown in the SEM 
image [Fig-1(a)], have formed. This phenomenon resulted in the loss of connectivity between the different regions 
and as a result the ferromagnetic property got lost and the Co clusters act as separate entities with no interaction 
between each other as also shown by Lian et al. (2006). The phenomenon known as ion-beam induced dewetting 
was also observed in MFM image [Fig-1(b)].  
Fig1: (a) SEM and (b) MFM images showing ion-beam-induced dewetting in Co/CoO films. (c) Observation of 
superparamagnetism with blocking temperature of around 300K (cooling field and measuring field in the FC case 
was 100 Oe). (d) Increase in coercivity and observation of exchange bias with reduction in temperature (the sample 
was first cooled under 100 Oe field from 300K to the measured temperature). 
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Superparamagnetism was observed for Co/CoO films, which were irradiated with 200 keV Ar ions at a fluence of 
1015 ions/cm2. Blocking temperature around 300 K was obtained from the measured ZFC-FC magnetization curves 
shown in Fig. 1(c). Increase in coercivity was evident from an increase in area of the hysteresis curve and the 
presence of an exchange bias was evident from the shift in the hysteresis curve as also observed by Oh et al. (2009).
Increase in coercivity and exchange bias with lowering of temperature was found. The ratio |-Hc| / |Hc| changes 
from less than unity to higher than unity with decrease in temperature [Fig-1(d)]. This indicates that exchange bias 
varies from positive to negative with lowering of temperature. Similar results have also been reported by Manna et 
al. (2010, 2011).  
                              Table 1.Exchange bias in Ar ion irradiated Co/CoO thin films. 
Temperature (K) |-HC| (Oe) HC (Oe) Ratio |-Hc| / |Hc|
300 236.2 260.6 0.91 
100 326.8 351.5 0.93 
50 439.9 362.8 1.21 
4. Conclusions 
          Irradiation with Si ions caused dewetting of the surface of Co/CoO films deposited by magnetron 
sputtering. Exchange bias and increase in coercivity with decrease in temperature was observed in this FM/AFM 
system. Evidence of Superparamagnetism was also found with Ar ion irradiation. 
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